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1. Fermi solar flare detection overview 

2. The first behind-the-limb > 100 MeV flare: 2013-Oct-11 M1.5 

  2.1) Multiwavelength context 
  2.2) Fermi gamma rays observations 

3. Summary & Discussion 
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1. Fermi solar flare 
detection 

19 flares in 4 years 
(also see Gerry Share 
2014 SPD/Boston talk) 

Surprises: 

1) γ-rays from not only 
X-class flares, but also 
M- and even C-flares – 
Fermi’s superior 
sensitivity 

2) Long duration (~20 
hr) γ-rays 

Ackmann et al. (2014 ApJ) 



Wei Liu @Stanford-Lockheed 5 

Long-duration (~20 hr) γ-rays detected by Fermi, way after flare impulsive phases, 
no more hard X-rays counterparts. 

Particle accelerated by CME shocks travel back to the Sun to produce γ-rays? 

Ajello et al. (2014 ApJ)                                        Cliver et al. (1993) 
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2. 2013-Oct-11 M1.5 flare, Fast (1200 km/s ) CME seen by SOHO/LASCO 
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Light curves 
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STEREO-Behind 
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STEREO-Behind 193                                                      SDO/AIA 193 
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RHESSI X-ray contours on SDO/AIA EUV images: 
coronal source only, footpoints occulted 
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History of RHESSI X-ray source centroid height 

Higher energy emission originates from greater heights => coronal (loop-top) 
source, rather than footpoint source => footpoints are occulted by the limb 

(Liu et al. 2013) 
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Fermi and RHESSI spectra 
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EUV wave (shock?) refraction from a remote active region 
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STEREO-B EUVI 195 Å 
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STEREO Radio type II bursts – CME driven shock  
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STEREO SEPs 
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Particle acceleration by shocks on the CME flanks traveling to the 
visible side of the solar disk? 

Carley et al. (2013) 
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3. Summary and Discussion 
1) M1.5 Flare 11 degree behind East limb 

2) Fermi/LAT detected γ-rays for ~30 minutes with energies up to 3 GeV  

3) Three possibilities for the origin of γ-rays: 

  3.1) γ-rays penetrate solar interior at the limb at grazing angle – impossible for 
occultation angle > 2 deg 

  3.2) trapping of particles by magnetic mirroring, strong magnetic convergence 
and 1x1011 cm-3 density – still possible. 

  3.3) CME shock accelerated particles travel to the front side to produce γ-rays – 
possible 



The End – Thank you 

Wei Liu @Stanford-Lockheed 19 



Backup slides:  
New 2014/11/06 

Wei Liu @Stanford-Lockheed 20 



Wei Liu @Stanford-Lockheed 21 

2. 2013-Oct-11 M1.5 flare, Fast (1200 km/s ) CME seen by SOHO/LASCO 
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Gamma-ray absorption 
cross-section vs. 
photon energy 

From Petrosian (1994) 
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Fermi and RHESSI spectra fits 
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History of wave fronts   wave paths  map of fast-mode speeds 
 map of magnetic field strengths 



The End – Thank you 
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